a2 United States Patent

Fryshman

US009053528B2

(10) Patent No.:
(45) Date of Patent:

US 9,053,528 B2
*Jun. 9, 2015

(54) INSECT AND OTHER SMALL OBJECT
IMAGE RECOGNITION AND INSTANT

(71)
(72)

")

@
(22)

(65)

(63)

(1)

(52)

RESPONS

E

Applicant: Bernard Fryshman, Brooklyn, NY (US)

(2013.01); GO6T 2207/30128 (2013.01); AOIM
5/04 (2013.01); A0IM 1/026 (2013.01); A0IM
1/06 (2013.01); A0IM 1/2094 (2013.01); A0IM
3/00 (2013.01); A0IM 3/005 (2013.01); A0IM

3/007 (2013.01)

(58) Field of Classification Search

382/100, 110, 162, 164, 165, 181, 190,

382/195;348/135

See application file for complete search history.

References Cited

U.S. PATENT DOCUMENTS

Inventor: Bernard Fryshman, Brooklyn, NY (US) USPC .........
Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. (56)
This patent is subject to a terminal dis-
claimer.
4,094,088 A * 6/1978
Appl. No.: 14/505,430 6,508,033 B2*  1/2003
6,671,582 B1* 12/2003
R 7,765,780 B2* 8/2010
Filed: Oct. 2,2014 7,830,504 B2* 11/2010
) L 7,854,108 B2* 12/2010
Prior Publication Data 8.381,501 B2* 2/2013
8,391,550 B2* 3/2013
US 2015/0023566 Al Jan. 22, 2015 2001/0036295 AL* 11/2001
2005/0126144 Al*  6/2005
2011/0211733 Al* 9/2011

Related U.S. Application Data

Continuation-in-part of application No. 13/542,416,
filed on Jul. 5, 2012, now Pat. No. 8,855,374.

Int. Cl1.

GO6K 9/00
GO6T 7/00
AO0IM 1/00
AO0IM 5/04
AO0IM 1/02
AO0IM 1/06
AO0IM 120
AO0IM 3/00
U.S. CL

CPC

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

....... GO6T 7/0004 (2013.01); A0IM 1/00

* cited by examiner

Harrell .....ccooovvviniiiinnn 43/144
Hessel etal. ......ccocooevvnnn. 47/60
Hanley ............ .. 700/245
Koselka et al. ..... .. 56/102 A
Deppermann et al 356/305
Koselka et al. .. 56/102 A
Koselka et al. .. 56/102 A
Pachys ..o 382/103
Hendrickson et al. ........ 382/110
Koselka et al. . 56/10.2 R
Schwarz ......ccccoevvvennne 382/110

Primary Examiner — Anand Bhatnagar
(74) Attorney, Agent, or Firm — Levisohn Berger LLP

&7

(2013.01); GO6K 2209/17 (2013.01); GO6T
2207/10024 (2013.01); GO6T 2207/10056

/

SIGNAL
TO ACTION
NEED TO
REMOVE

ABSTRACT

A device for detecting offending objects such as insects on
substrates such as on leaves, plants or in fluid. The device has
a microscope lens which magnifies a portion of the substrate
and sends an image of the substrate portion to an image
recognition system. If the image recognition system detects
the presence of an offending object—further steps are taken
to remove, neutralize or mark the area where the offending

object is located for subsequent action.

3 Claims, 2 Drawing Sheets
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INSECT AND OTHER SMALL OBJECT
IMAGE RECOGNITION AND INSTANT
RESPONSE

RELATED APPLICATIONS

This Application is a Continuation In Part of U.S. patent
application Ser. No. 13/542,416 filed on Oct. 7, 2014, which
is to issue as U.S. Pat. No. 8,855,374—the contents of which
are incorporated herein.

FIELD OF THE INVENTION

The current invention relates to the field of insect control,
more specifically to a novel method of rapidly detecting and
disposing of insects dispersed over areas from small to large.

BACKGROUND OF THE INVENTION

The decreased use of pesticides on the one hand and the
decreased effectiveness of those which are in use has resulted
in a disturbing proliferation of insects in food and in the
home.

The invention described herein makes it possible to detect
and immediately dispose of thrips, mites and aphids, among
other insects, including those invisible to the untrained and
unpracticed eye.

Many such insects are very difficult to dislodge by washing
and are resistant to pesticides. Large scale efforts such as by
heating often harms the food or other material to be cleansed.

SUMMARY OF THE INVENTION

The invention disclosed herein is a computer image analy-
sis system, which magnifies an image of a substrate to be
checked for bugs or small other small objects and is trained to
recognize various bugs commonly associated with such sub-
strates to be checked. If a bug is identified any of various
action steps are taken in different embodiments of the inven-
tion, including removing the bug by way of an action head
associated with the imaging device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic side view of a scanning device
disposed above a substrate to be checked according to an
embodiment of the invention.

FIG. 2 is a flow chart showing software processing steps
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will now be
described with reference to the above-identified figures.
However, the drawings and the description herein of the
invention are not intended to limit the scope of the invention.
It will be understood that various modifications of the present
description of the invention are possible without departing
from the spirit of the invention. Also, features or steps
described herein may be omitted, additional steps or features
may be included, and/or features or steps described herein
may be combined in a manner different from the specific
combinations recited herein without departing from the spirit
of the invention, all as understood by those of skill in the art.

In one preferred embodiment, a lens is used to point at a
leaf of lettuce and capture an enlarged image thereof. The
image may be stored in digital memory for later analysis or it
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may be analyzed in real time. In either case, the image is sent
to a processor that is trained to recognize the general charac-
teristics and color of the lettuce, and which is also trained to
recognize physical characteristics and features of insects
typically found on lettuce. The image is magnified so that the
presence of the insect, even if well hidden, will be identified
by comparison with a library of insects stored in memory. In
one embodiment, the processor does not positively identify a
bug or other foreign object, but it may recognize the object as
foreign. For instance, a processor may contain parameters of
acceptable color values or hues for a specific substrate and if
an object is outside of such parameters—the software deter-
mines the object as “foreign.”

The identification of the insect will immediately trigger a
response in an action head which is attached to the lens
housing and is capable of moving to the insect position, and
removing or destroying the insect automatically. In another
embodiment of the invention, rather than removing an
observed insect—an action head grips the piece of lettuce and
discards it.

FIG. 1 shows a scanning device having a casing 12, which
houses an image recognition system. A downward facing
microscope, lens 14 or any such image capturing device and
magnification device is located at a bottom portion of the
scanning device. As shown, the lens 14 is directed at a sub-
strate 16, such as, for example, a piece of lettuce. The lens
magnifies a segment of a substrate to be checked and it feeds
captured images to image recognition system for image
analysis. Images may be stored on a digital storage medium,
among other storage systems or media.

It will be understood by those of ordinary skill in that the
device 10 may be provided with a plurality of differently
powered lenses which may be automatically adjusted when
greater focusing ability is needed. It will also be understood
that the image recognition system need not be housed within
the casing 12 of the device—but rather the image recognition
software may be provided at a location that is distant from the
image-capturing device. In such embodiment, an image-cap-
turing device (e.g. a microscope lens coupled to an image
capturing system) is utilized to capture images. The images
are then sent by a wired or wireless connection to an image
classifier.

FIG. 1 shows an action head 18, which is provided at the
distal end of a movable arm 20. The action head may be
equipped with one or more instruments, such as a gripping
device and/or a suctioning device. In another embodiment of
the invention, the action head is provided with a heating
element or such similar heat source—which can destroy a bug
or a segment of lettuce when it is brought into direct contact
therewith.

In one embodiment of the invention, the device 10 housing
the lens 14 and action head 18 is a handheld unit, which may
be manually or automatically moved across a stationary sub-
strate such as a leaf of lettuce. In another embodiment the
device 10 is mounted on a stationary support and a conveyor
belt positioned below the device delivers items to be scanned
below the microscope lens of the device. Still in other
embodiments of the invention, the device is mounted to a
linear motion track and it incrementally moves (for instance
by incremental movements of a rack and pinion wheel con-
trolled by a computer) across a substrate to be searched. In
one embodiment, the device 10 may be used for purposes of
“surveillance.” In this embodiment, the device is mounted in
a fixed position. When an offending object (such as an insect)
enters the field of vision of the lens and is recognized as such
by the image recognition system—a command is sent to
activate the action head 18 to eliminate and/or neutralize the
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offending object. It will be understood that as an alternative to
eliminating and/or neutralizing an offending object, the
device could mark the offending object for subsequent
removal or remedial action.

It will be further understood that the moveable arm
described herein may be its own detached unit, but which
operates under the control of the software.

The action head 18, in an embodiment of the invention, is
attached to the distal end of a movable arm. It will be under-
stood that a movable arm may be any of various structures
such as, for example, one or more linear guide tracks, rack and
pinion systems or such similar relative motion mechanism for
supporting and moving an action head is within the teaching
of the invention. The arm is movable in any of various direc-
tions by way of ball joints, linear motion tracks or other such
similar movement systems. When a bug is detected by the
image recognition system, the software is programmed to
send a signal to the moveable arm. The moveable arm is then
controlled by a software application and directed to the
located bug. The action head is deployed to either destroy the
bug as described above or to suction it off of the substrate. In
one embodiment of the invention, rather than directing the
action head to a specific location—the moveable arm is
directed to push the piece of lettuce (or other substrate) away
thereby discarding the same or removing it from a batch.

The computer used to control operations, execute routines
and store data may comprise at least one or more processors
and memory storage devices. The computer also may receive
a number of inputs and outputs for communicating informa-
tion externally.

It will be understood that the computer which operated the
device may operate under the control of an operating system
and software applications, components and programs that
execute the routines and systems described herein. In general,
the routines executed to implement the embodiments of the
invention, whether implemented as part of an operating sys-
tem or a specific application, component, program, object,
module or sequence of instructions will be referred to herein
as “the system”, or “software”. The software controls the
image acquisition, image storage, image analysis and move-
ments of the arm, action head and/or the movement of the
device along a track.

It will be understood by those of ordinary skill in the art that
the inventive device is an apparatus having image capturing
capabilities and image recognition capabilities coupled with
software that is programmed to determine whether or not an
object in an image field is an offending object. An “offending
object” herein is any physical, identifiable structure or shape
that is targeted for action. Examples of offending objects may
include, but are not limited to, insects, dirt, mold growth,
product imperfections etc. The device is programmed to take
anaction once an offending object is detected. “Action” refers
to any remedial steps taken by the device to eliminate or
otherwise address the offending object. For example, in one
embodiment of the invention, the action head 18 of device 10
advances to a location of an offending object and it records the
spatial coordinates of the same. The coordinates are stored for
later treatment and or elimination.

FIG. 2 shows a number of processing steps performed by
the software in an exemplary embodiment of the invention.

The device is initiated and begins capturing images 22. The
images are sent to an image recognition system which clas-
sifies various images 24. The classifier may be an algorithmic
classifier or a neural network system. The image recognition
system is trained to recognize morphological/physical char-
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acteristics of bugs. The image recognition may also be trained
to detect pixel concentrations—which may indicate the pres-
ence of bug.

If an image is determined to be a bug 26, then the software
performs further processing steps.

In one embodiment, the software sends a signal to the
moveable arm 28, which directs the action head to the loca-
tion of the bug to remove the same according to the teachings
described above.

In another embodiment of the invention, the software sends
a signal to the moveable arm to push aside the item 30 upon
which the bug was detected.

Still in another embodiment of the invention, upon detect-
ing a bug, the software sends or sounds an alert to a human
operator 32. The human operator may intervene to remove the
bug or the item.

The invention in another preferred embodiment will be
designed to deal with one kind of insect on one kind of food
or other material. A single kind of action suitable for the
situation will be built into this device.

Extension is obvious to a more sophisticated device with
software taught to deal with many different kinds of foods and
materials, to recognize a range of different insects, and dif-
ferent means of removing the insect, including vacuum, a
glue head, an electrical charge, freezing, heat, or even a drop
of powerful insecticide. Powerful pesticides sprayed or
deposited over a large area is harmful: a drop on the insect
itself will dispatch the insect and not affect the surrounding
atmosphere.

In another embodiment, there will be an array of lenses and
response heads so that a sheet being inspected for bed bugs
can be continuously passed under the array.

In another embodiment of the invention the inventive sys-
tem may be used to remove oftfending objects, such as bugs,
from a fluid. In one embodiment, an image capturing device is
fixed above a channel of flowing liquid. The device may
comprise an array of image capturing devices or lenses sus-
pended above a channel or similar fluid stream. It will be
understood that in an embodiment of the invention, the action
head may be a vacuum head or suction head such that when
the image recognition system detects a presence of an offend-
ing object, the software sends a command to the action head
to vacuum an area of fluid in the vicinity of the offending
object. The vacuum head or suction head will draw in the
offending object, and possibly, some of the surrounding fluid
and discard the same.

The invention may be used in any of various environments
in which subtle changes need to be detected and then acted on.
For example, the beginning of a disease affecting trees or
other plants and its subsequent spread is often the result of an
insect, beetle or bug penetrating the bark or other surface and
destroying the structure from within. Detecting a presence of
a specific kind of invader is virtually impossible if it requires
a human observer’s continued close observation. The instant
invention can be deployed in a manner which detects and acts
whenever an invader is detected on the surface.

The invention can be modified to recognize the sign of
incipient disease on the skin of a human being at a size almost
invisible to the human eye. It is evident that the principles of
the invention can be readily applied to other areas where
detection, recognition, and action of a flaw, intrusion, or
incipient flaw at a stage where it is barely visible.

It is obvious to anyone skilled in the art that the invention
can be modified to be used as a stand-alone, hand held device,
or fixed in place with items to be inspected passing through.
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Itis also evident that lens/action heads can be in a circular or
other convenient pattern, and on both sides of the material, as
on both sides of a sheet.

It should be understood that the preferred embodiment was
described to provide the best illustration of the principles of 5
the invention and its practical application to thereby enable
one of ordinary skill in the art to utilize the invention in
various embodiments and with various modifications as are
suited to the particular use contemplated.

What is claimed is: 10

1. A device for detecting offending objects, comprising:

an image capturing device;

an image recognition system connected to said image cap-

turing device, said image recognition system being
trained to recognize characteristics of said offending 15
object;
a moveable arm, said moveable arm deployable to contact
a substrate that is being searched for offending objects;

an action head provided on said moveable arm; and

software configured to detect a presence of an offending 20
object and to control said moveable arm to move to said
action head to said offending object.

2. The device of claim 1, whereby said action head com-
prises a gripping device for gripping an offending object.

3. The device of claim 1, further comprising an image 25
magnification device for enlarging a captured image.
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